Space Requirements Depending on the type of preservation to be used, space requirements can be reduced to a minimum of one room, measuring approximately 24 by 16 feet. To lessen possibilities of bacterial contamination, it is desirable to set up a small compartment of about 8 by 10 feet for the manipulation of sterile grafts under ultraviolet light.
For the use of ethylene oxide as a sterilizing agent, the work should be carried out under a hood or in a fireproof cubicle on an adjacent terrace with an exhaust fan for adequate ventilation. This is an important safety measure, because the fumes are highly explosive. Depending upon local regulations in different communities, it is generally understood that special permission for the removal of tissues for therapeutic purposes must be signed by the relatives of the deceased. Such a form utilized by the New York Blood Vessel Bank is shown in figure 1 and is supplied with the regular permission for autopsy. The significant increase in the use of these procedures and indoctrination of the public in the importance of cooperation in this regard, will facilitate the fulfillment of legal requirements.
(B) Surgical Technics
Although the removal of blood vessels will be quite similar, whether taken with or without sterile precautions, the former involves several and, if possible, the retroperitoneal approach described above should be used. The handling of arteries is the same. However, iio bacteriologic cultltres are taken at this time.
(C) Evaluiatiotu of Donor Material Three factors must be considered in the evaluation of vascular specimens: (1) age of donor, (2) cause of death and (3) the interval between death and autopsy.
(1) Age of Donor. Although there is some value in establishing a limit on the age of the donor, it is a cominon observation that there may be little correlation between the donor's age and the degree of aortic degeneration. A considerable number of persons under 30 years of age have significant pathologic changes ill the aortic wall in contrast with some of 50 years or more wdith surprisingly slight degenieration, elopeciallyN wnometi. It seems, however, that 45 years is aln advisable upper age limit for the great majority of donors. It is important to emphasize at this point, that only a careful pathologic study in each partictular case will give a definiitixe answer to this question.
(2) Cauise of Death. If an atherosclerotic process stuch as myocardial infarction has been responsible for the individual's death, then his arteries will not, as a rule, be good donor material. An infectious disease in the donor which might possibly be transmitted by a graft to the host should be excluded. Examples are illfectious and homologous serum hepatitis, syphilis, generalized sepsis and malaria. Patients dying of one of the collagen diseases should be rejected as donors. When death is due to a nieoplastic disease other than a brain tumor, the body is not suitable.
The ideal donor is an individual whose death resulted suddenly from trauma. A second favorable soturce of material is the drug addict whose death followed an overdose of narcotic. The true lilitations of donor material will be delineated, however, only by the utilization of grafts froiii donors, presently coiisidered tiIIsuitable, aid by careful follow-tip of the recipients.
(3) Interul b)etweent Death and Autopsy. It has been shown conclusively by tissue (uItlire studies that the viability of cells of the arterial wall is highly reduced if the vessels are removed six hours or more after death, and that the incidence of contamination from the intestinal tract is increased. Although, as previously mentioned, bacterial contamination is not considered of fundamental importance any longer, it is evident that damage to the arteries may occur in a few hours if the body is kept at room temperature, particularly during hot weather. Successful transplantation of blood vessels, taken up to 36 hours after death, have been reported and, as in the case of the donor's age, histologic studies may assist in the evaluation of each particular graft. Nevertheless, it is advisable to remove the vessels within six hours after the death of the subject. Toxicity: Ethylene oxide produces marked irritation of the respiratory system, and careful avoidance of contact with the skin during manipulation, as described in space requirements, ill a well ventilated fire-proof cubicle with exhaust fan capable of changing the total air of the room every two to three minutes or under a hood is important. Clinical cases of accidental poisoning in man after industrial use have been described.
Sterilizing Agents
Way of action: As postulated by Phillips, action should occur by alkylating free-carboxyl, amino, sulfhydryl and hydroxyl groups of the protein keratin, replacing the labile hydrogen on each of these groups with an hydroxyethyl radical.
Method of sterilization with ethylene oxide: After the vascular segments, taken without sterile precautions and frozen, are in the bank, they are placed in individual sterile pyrex flasks of 500 ml. capacity, or in the special pyrex tubes for the freeze-drying process. Sufficient liquid ethylene oxide to fill the entire container is ardded and maintained for 30 minutes. This must be done under a hood or fireproof cubicle as indicated previously. If room temperature is above 30 (C., the flasks are placed in an ice bath (2 to 4 C.). The vessels must be completely immersed in ethylene oxide during the entire period of sterilization and more should be added if evaporation is too rapid.
The residual ethylene oxide is decanted and the vessels rinsed in sterile Ringer's solution to eliminate any trace of the agent and transferred aseptically to a sterile tube. A segment of the vessel is taken at this moment for histologic studies and bacteriologic cultures for aerobes and anaerobes. If the segment is freeze-dried, the high vacuum in the system will eliminate all of the ethylene oxide and the rinsing process is not necessary. To the flask is now added, slowly and with vigorous stirring at room temperature, 20 cc. of 10 per cent solution of beta-propiolactone made by adding 0.88 Gm of beta-propiolactone to 100 cc. of distilled water at 4 C. which must be maintained under constant refrigeration in order to minimize hydrolysis.
The flask is placed in water bath for two hours. At the end of this time, the graft is washed in a 0.2 molar phosphate buffer (pH 7.4) and transferred to a storage flask, after taking specimens for pathologic and bacteriologic studies. As the compounds formed after hydrolysis of beta-propiolactone are strongly acid, care must be taken to check the pH of the solution through the phenol red indicator during the sterilizing period. The segment of artery which has been taken without sterile precautions is placed in a plastic bag made of polyethylene film, sealed by heat at its ends, and is frozen in dry ice. When convenient, (days or weeks later) the grafts are sterilized by placing on a moving belt which carries the frozen packages through a beam of electrons 4 cm. in width, with a total irradiation of 2.5 million Roentgen equivalent physical units (Rt.E.P.).
In centers where high-voltage cathode-ray machines of 3 million volts or more are available, this method seems to be useful and simple. It is important to emphasize that this procedure produces drastic alterations of the irradiated tissues unless they are in a frozen state during the entire period of irradiation. After sterilization, the vessels can be maintained frozen in dry ice for long periods of time.
Sterilization by Gamma-Ray Irradiation. In the recent studies made by Carlson and coworkers, the source of gamma-rays was a tube of cobalt metal 13.5 inches long, 2.3 inches outside diameter and 1.7 inches inside diameter. Gamma-ray irradiation has a bactericidal effect and, at higher doses, also destroys tissue. protein. Thus, it is possible to store tissues, with preservation of normal histologic structure, in a desiccated state at room temperature, if the water is removed by sublimation. As the rate of drying is in direct proportion to the rate at which heat can be applied to the specimen, all factors being constant, the speed of the drying cycle depends on the maximum temperature at which the tissues can be processed (Clayperon equation). This is determined by its eutectic point which, in the case of blood vessels being below the freezing point, is necessarily long.
A freeze-drying unit consists basically of four elements:
(1) A vacuum system generally accomplished by the use of a mechanical oil-sealed rotary pump with or without the attachment of an oil diffusion pump to augment the vacuum.
(2) A manifold connection to attach the flasks containing the frozen material to be processed.
(3) A condenser or cold trap, kept cold by an external coolant, connected between (1) and (2) to prevent water vapors from reaching the vacuum system which reduces greatly its efficiency.
(4) A vacuum gage (MeLeod, Pirani or Phillips type) to measure the pressures in the system.
Based on these principles, there are several types of apparatus available on the market and further work is being done in order to simplify them. The model described by Hufnagel, Rabil, and Reed (1954) has proven to be efficient and easy to operate.* Technic. The specimens are frozen in the dry ice-acetone mixture, the container is connected to the system and the mechanical vacuum pump is started. If the vessels have been sterilized with ethylene oxide which freezes at -111.3 C., liquid nitrogen must be used to cool the condenser and to solidify the sublimated ethylene oxide.
If other methods of sterilization are used, the dry ice-acetone mixture has been shown to be sufficient. It is convenient to keep the 76T 1(EI)T'T OF COMMITTEE ON BLOOD VE'SSEL BANKS specimens frozen with dry ice-acetone during the early period of processing.
When all the air has beeni evacuated from the system, the vapor pressure of the tissue water closely approximates the total pressure of the system and becomes an index of its temperature, which will assume the temperature of the environment only after the process of sublimation is over, which usually takes from 6 to 10 hours at a pressure of 1 to 0.5 microns. To achieve such a pressure, careful avoidance of any leaks within the system is indispensable. There are two types of leaks: "virtual" and "4actual"; the virtual ones are due to the presence of foreign substances whose vapor pressure is higher than the desired vacuum and can be eliminated by careful cleaning of the entire system. On the contrary, actual leaks must be found by the use of a high frequency coil and then closed with high vacuum seal.
Sealing of large diameter pyrex tubes is difficult and details for the sealing technic must be obtained from the manufacturers of each freeze-drying apparatus. Periodic control of the vacuum by the use of the high frequency coil is necessary, and all specimen-s that have lost their vacuum must be discarded. It is the general opinion that freeze-dried grafts, maintained under proper vacuum, ( 
Preparation of Material before Implantation
Material Preserved by Quicl-Freezing. The specimelns that had been transported from the Bank in dry ice are rapidly thawed by immersing the containing flask in a water bath maintained at 35 C. for 10 minutes. After cleansing the rubber top of the pyrex flask with an antiseptic, the specimen is removed from the flask with sterile precautions and placed in a kidney basin, containing Ringer's solution 500 ml., dihydrostreptomycin 100 mg., penicillin "G" 100,000 units and heparin 50 mg. Antibiotics are used to increase the safety of manipulation and the heparini to lessen the possibility of thrombosis during implantation.
All branches are carefully ligated with transfixion sutures of no. 5 zero silk on an atraumatic needle. It is useful to test the graft for any possible leakage with a 20 ml. syringe and the above mentioned solution, being extremely careful to avoid any damage to the intima of the graft.
Freeze-Dried Grafts. The vacuum sealed tubes are immersed in Bard-Parker Germicide* or in 5 per cent iodine solution at room temperature for 30 minutes and then the end of the tube, distal to the graft, is opened with a sterile file. The specimen is removed and placed in a kidney basin with saline solution at room temperature for reconstitution. This process usually takes from 30 to 45 minutes depending upon the size of the specimen. It is important to avoi(l any manipulation during this period as the vascular wall is easily fractured in this state. After reconstitution, the vessel resembles the fresh graft prior to lyophilization. It is now handled in a similar fashion as the graft described in the preceding paragraph.
Histologic and Bacteriologic Controls Specimens taken immediately after procurement with sterile precautions, or after sterilization by any other method described above, are used for microscopic studies and cultures. As previously, mentioned, a circular segment of the upper abdominal aorta at the level of the celiac axis is usually studied. It is convenient to have, at the same time, a segment of the ascending part of the arch of the aorta for control. The specimen is rinsed in sterile saline which is used to inoculate routine bacteriologic cul-tures for aerobes and anaerobes, as well as the samples taken from the pleural cavity of the donor during procurement uinder sterile precautions.
The cultures are observed up to a wveek after inoculation; the most cominmon coutaminants l)eiiLg Staphylococcus atureius, Streptococcus alpha, Bacillus coli and Cl. welchii as well as fungi. All contaminated material must be discarded. It is advisable not, to sterilize the vessels for a second timie, as the action of chemical agents, in parti(ular ethylene oxide, have been shown to produce extensive damage to the arterial wall by prolonged immersion.
Although it is not absolutely essential to carry out histologic studies in the practical management of a blood vessel bank, ideally such studies are desirable as they are the only method of evaluating grafts prior to implantation.
The One of us (C. H.) has summarized the necessary criteria for the selection of rigid plastic prostheses as follows:
(1) The material employed should be relatively biologically inert.
(2) It should have adequate strength. (3) It must resist clotting.
(4) The internal surface of the prosthesis must be extremely smooth.
(5) The junction between the vessel and the prosthesis must also be extremely smooth.
(6) The anastomosis between the tube and the vessel must be effected by a method which does not produce necrosis of the arterial wall at the point of junction. Tubes made out of methylmethacrylate and anastomosed with rings made of Nylon with fixation by multiple point pressure on the circumference of the arterial wall, thus avoiding circumferential pressure, have been satisfactory in selected locations, as the aorta, where the variation in diameter of its different segments is relatively slight. There are two main difficulties in the use of rigid prostheses: (a) Because processing. The cloth should be rinsed at least three times in distilled water or saline.
For sterilization, each particular fabric must be handled individually in respect to the method used. Orlon type material and 1)acron should be autoclaved. Nylon and Viniyon "N" on the contrary, must, be sterilized by boiling for 10 to 15 minutes.
Surgical Cotnsiderations
The prosthesis is sutured to the blood vessel by the usual method of arterial anastomosis with an over and over suture which, in the instance of arteriosclerotic vessels, is preferable to an everting mattress suture. The needle should pass from the outside of the prosthesis to the lumen and then through the artery from inside out in order to maintain apposition of the iltimna to the media of the sclerotic vessel.
After the prosthesis has been placed and the blood allowed to enter the tube, some bleeding may occur, depending on the type of cloth that is used. Voorhees and Blakemore have avoided this difficulty with Vinyon "-N" by preclotting the tube, using the recipient's blood so that fibrin would be deposited in the interstices of the cloth and prevent excessive bleeding. It is important to express all of the clot from the lumen of the tube before implantation.
In general, all these prostheses are more difficult to suture than arterial homografts, because of absence of elasticity of the cloth. At the present time, diagonal weaves are being studied in order to increase the elasticity of these fabrics.
The prosthesis should be fitted precisely to the defect because additional length will result in buckling and thrombosis. If more than three anastomoses must be performed then the use of a prosthesis may be associated with serious difficulties. SUMMARY Recent advances in the diagnosis and treatment of segmental lesions of large blood vessels have created a need for storage of arterial and venous grafts and plastic prostheses. It has been the purpose of this paper to describe in some detail the problems and technics of procurement, sterilization, preservation and ut il-ization of arterial and venous grafts. Emphasis has been placed on the need for bacteriologic and histologic safeguards in the maintenance of a blood vessel bank. A brief section was devoted to the current status of plastic prostheses.
Finally, it is of considerable importance to recognize the fact that this is a new field which is being subjected to intensive study and that advances and modifications will be forthcoming. Therefore, this paper represents an interim rather than a final report. 
